different smoking pattern across the age continuum. Specifically, during early adolescence, smoking prevalence is lower among African Americans than whites, but during late adolescence and early adulthood, smoking initiation rates in African Americans begin to rise. 5, 6 By the time individuals are in their late 20s and early 30s, greater onset among African Americans and greater cessation among whites causes the prevalence of African American smoking to equal-and often exceed-that of whites. 4, [6] [7] [8] This pattern is varyingly referred to as a "crossover" 9, 10 or "convergence" in smoking. 11, 12 Many factors may explain this racial convergence in smoking. For example, African Americans may have fewer resources to quit smoking. 12 Factors such as peer substance use, 13 parent tobacco use, 14 targeted advertising, 15 and discrimination [16] [17] [18] [19] [20] may also differentially influence initiation among African Americans. One useful framework for conceptualizing the potential pathways is Moolchan's model of factors influencing tobacco use throughout the life-span. 21 This model assumes the nature of the relations between predictive factors and tobacco-use factors will vary across populations (eg, whites and African Americans). Also integral to the model is the recognition that the factors influencing use may affect people differentially across the lifecourse. For example, sources of stress (eg, discrimination, low wage work) can increase during early adulthood.
Recent findings suggest that age-of-onset itself may be a culturally-specific predictor of smoking persistence: Kandel and colleagues 6 found that among whites, persistence of smoking declines with increasing age-of-onset. However, among African Americans, persistence of smoking increases with increasing age-of-onset. Thus, their findings suggest that smoking age-of-onset has opposite effects on smoking persistence among white and African American smokers.
Implications of the Racial Convergence in Smoking
Although all cigarette smoking is harmful, African American lateonset smoking is often assumed to be safer than early-onset smoking (all other factors being equal, a delay in onset should be protective against dependence and mortality). Yet the racial convergence has two important implications for how researchers and policy-makers should conceptualize African American smoking. First, it implies African American smokers are at greater risk than white smokers to remain smoking throughout adulthood and, thereby, forgo the health benefits that come from quitting. [22] [23] [24] Thus, although African Americans have lower smoking prevalence than whites during their adolescence and early 20s, African Americans lose their "advantage" as they approach their 30s. Studies that examine only young samples (which identify African American race/culture as a protective factor 25 ) are misleading, because they do not account for changes over the lifecourse. Likewise, studies that examine only lifetime smoking, rather than current smoking, are misleading, because they do not account for the greater rates of smoking cessation among whites in adulthood.
The second implication is that prevailing assumptions about smoking onset and duration may not be true for all subpopulations. Rather, notions of the "at risk" window need to be extended, because a substantial proportion of African Americans (as well as other racial/ethnic groups 26 ) initiate smoking in their early 20s rather than during adolescence. These later ages of onset are well beyond the target of most prevention policies and programs. Furthermore, Kandel's work 6 described above would suggest that although delaying onset may be an effective strategy for reducing prevalence among whites, it may not be effective for African Americans.
Limitations to the Previous Work
All previous work on the racial convergence in smoking has examined only average trajectories for each race (eg, the African American smoking trajectory 7 ), rather than trajectory groups within a race (eg, early-and late-onset African American smokers). Conversely, a separate line of research 27, 28 has investigated different onset groups, but has undertaken this work collapsing across race. Both of these lines of research essentially confound race and smoking behavior. Thus, although research has identified the African American lateonset smoking trajectory, knowledge is incomplete regarding how African American late-onset smoking differs relative to other African American smoking groups (eg, early-onset smokers) and relative to other racial/ethnic late-onset groups (eg, whites).
Along similar lines, there remains incomplete information about the relation between African American late-onset smoking and health outcomes. Although findings indicate that later smoking onset reduces the likelihood of nicotine dependence among whites, 29, 30 there is some evidence that late initiation does not have this benefit for African Americans. 20, 31 The findings are consistent with the racial convergence in smoking, as well as health disparities more generally. Thus, although late-onset (compared to early-onset) smoking appears to be protective for whites in terms of quit rates and health outcomes, more work is needed to examine whether or not it is similarly protective for African Americans.
Study Overview
Compared to the white majority, many African Americans demonstrate a unique smoking trajectory, marked by a later age-of-onset and greater continuance into mid-adulthood. In fact, late-onset smokers comprise such a sizable proportion of African American smokers that they are a critical group to understand. Moolchan's model 21 led us to postulate that the factors surrounding early-onset smoking for whites will not necessarily be the same as those surrounding late-onset smoking for African Americans. Therefore, the goal of the present study was to examine African American lateonset smoking in terms of its characteristic features and determine whether late-onset (compared to early-onset) smoking is protective in terms of quit rates and health outcomes.
Data came from the National Survey of Midlife Development in the United States (MIDUS 32, 33 ), a national survey developed to study age-related differences in physical and mental health. The wide age range of participants (20-75 at baseline and 28-84 at follow-up) allowed us to compare cessation and mortality incidence across the lifespan.
Our first hypothesis was that we would find late-onset smoking to be more prevalent among African Americans than whites. Our second hypothesis was that cessation rates would be particularly low among the late-onset African American smokers (compared to earlyand late-onset white smokers and early-onset African American smokers). Finally, our third hypothesis was that late-onset African American smokers would present different characteristics than lateonset white smokers. In particular, we expected late-onset (compared to early-onset) smoking would not be as protective (in terms of ageof-mortality) for African Americans as it was for whites. For these analyses, it was important to also account for differences in socioeconomic status (SES), so that race and SES were not confounded. Rather, we sought to examine the interactions between race and SES, and expected that the protective effects of high SES and late-onset (compared to early-onset) smoking would be more pronounced among whites. We also conducted exploratory analyses to examine whether people classified into different smoking categories differed on other demographic measures (eg, gender).
Methods

Participants
The original MIDUS participants were recruited between 1995 to 1996 (referred to here as T1). All eligible participants were noninstitutionalized, English-speaking adults in the contiguous US. Participants were recontacted approximately 10 years later for a follow-up between 2004 to 2006 (referred to here as T2). Of the original 7108 T1 participants, 4963 (70%) were successfully recontacted and participated at T2. Excluding those who were confirmed deceased at T2, retention rates were higher among whites (vs. African Americans), high (vs. low) SES individuals, and women (vs. men); retention rates were highest among quitters and lowest among early-onset smokers (all Ps < .001; for more thorough discussion of MIDUS attrition see Radler and Ryff 34 ). Data were excluded for participants who had missing data for the variable "smoking category" (n = 197; see measures section). After these reductions, a final sample of 4766 was available; the majority of analyses were conducted on this sample of 4766 respondents who participated at T2. When indicated, mortality analyses alternatively used a larger sample (N = 5236) that included participants who were confirmed deceased by T2 (see measures section for more details).
Measures
The MIDUS survey included an initial 30-minute phone interview and was followed by self-administered questionnaires (SAQs) mailed to individuals who completed the phone interview. For the present article, items of interest derived from the phone interview because it had a better response rate.
Smoking Category
At T1, participants who reported ever regularly smoking cigarettes ("Have you ever smoked cigarettes regularly-that is, at least a few cigarettes every day?") were asked the age at which they began smoking regularly. Individuals were also asked how old they were when they had their very first cigarette, and ever-regular-smokers were asked how old they were the last time they smoked cigarettes regularly. Responses to these items were used to classify individuals into four groups: Nonusers included both lifetime abstainers and neverregular-smokers; Quitters included ever-regular-smokers who had not smoked within the last 2 years; all other ever-regular-smokers ("current smokers") were coded as either Early-Onset Smokers (those who began regular smoking before age 18) or Late-Onset Smokers (those who began regular smoking at age 18 or later). To be classified as a quitter (rather than an early-or late-onset smoker), participants also needed to report not smoking regularly at T2. Smoking category status was coded as missing (n = 197) if T1 smoking information was missing/incomplete, if T1 and T2 responses conflicted (eg, discrepancies in recalled age-of-onset that varied by >1 year) and/or if responses indicated that smoking initiation occurred between assessments (eg, reporting never-use at T1 but regular smoking at T2-the majority of these participants were over age 30 at T1).
Period-of-Onset
Several analyses were focused only on differences between early-versus late-onset smokers. Therefore, a separate construct, "period-of-onset," was created based off of the preceding variable (smoking category) but excluding nonusers and quitters.
Ever-Regular-Smoking
For analyses examining ever-regular-smoking, quitters were re-classified as either early-onset or late-onset smokers, based on the age they began smoking regularly.
Maximum Packs per Day
At T2, participants were asked "On average, about how many cigarettes did you smoke per day during the one year in your life when you smoked most heavily?" ("open response"). To calculate maximum packs/d, this number of cigarettes smoked/d was divided by 20.
Other Tobacco Use
At T2, all participants were asked "Have you ever smoked a pipe or cigars, or used snuff or chewing tobacco regularly during your life?" (yes, no).
Age
Participant-reported date of birth at T1 was used to compute age.
Race/Ethnicity
The MIDUS questionnaire at T2 was more in line with current recommendations for assessing Americans' cultural backgrounds in terms of both race (eg, white, African American) and ethnicity (Hispanic/Latino or non-Hispanic/Latino). Therefore, T2 reports of race/ethnicity were used when available, but were supplemented with responses at T1. Ultimately, race/ethnicity was coded as: African American (non-Hispanic), Asian, Hispanic/Latino, Native American/ Alaska Native, Multiracial, white (non-Hispanic), or other.
Socioeconomic Status
Education at T1 was used as a proxy for SES. It was coded dichotomously as high school or less and some college or more.
Other Demographic Characteristics
Additional T1 variables of interest included gender, whether participants were currently married, and whether they had any children.
Morbidity
We used overall self-rated health as our health/morbidity outcome. Self-rated health was measured at T2 with a single item: "In general, would you say your physical health is excellent, very good, good, fair, or poor?" Responses were dichotomized into good health (excellent, very good, and good) and poor health (fair and poor).
Mortality
All-cause mortality information was confirmed by the National Death Index (available at www.cdc.gov/nchs/ndi.htm). Year of death was included with this information; by subtracting year of birth from year of death, we were also able to approximate age of death.
Analyses
Analyses began with descriptive statistics to characterize cigarette use in the sample. For our first hypothesis, independent samples t tests and chi-square were used to examine racial differences in mean age-of-onset and smoking category prevalence. For our second hypothesis, chi-square tests and logistic regression were used to examine racial differences in cessation among ever-regular-smokers; analysis of variance was also used to test among current smokers whether maximum packs/d differed by smoking category. All significant interactions were followed up with a series of simple effects analyses. 35 For our third hypothesis (tested using just the white and African American participants), we began with chi-square tests to examine whether individuals in different smoking categories differed on demographic factors and morbidity. Next, to examine the effects of race, period-of-onset, and SES on mortality, we used Cox proportional hazards models 36 with age as the time scale. In this survival analysis framework, the event of interest is mortality, and the independent variables are race, period-of-onset, and SES. We used the Cox model rather than the logistic model to account for survival time and censoring information. We used age (rather than time since T1) as the time scale to directly account for the substantial impact of age on mortality, thereby adjusting for its confounding effect. 37, 38 The parameter estimated from a Cox model is the hazard rate, which is the likelihood of experiencing an event in a given time period, conditional on surviving to that time period. We first ran a main effects model, which tested the simple main effects of race, period-of-onset, and SES; we next ran models that added two-way interactions. Finally, we tested the three-way, Race × Period-of-Onset × SES interaction of interest.
Results
This sample was 54% female, with a mean baseline age of 46.6 (SD = 12.5, range: 20-75). Table 1 provides further descriptive statistics. For the full sample (all races/ethnicities included), 22.5% of adults were coded as current smokers. Current smokers reported smoking an average of 1.3 packs/d during their heaviest year and 14.8% reported ever using other tobacco products. African American and white current smokers did not differ significantly by age (P > .8).
Hypothesis 1: Late-Onset Smoking Prevalence
As expected, African American, compared to white, current smokers had a later age-of-onset, both when looking at age of first cigarette [M age = 16.9 vs. 15.6; t(995) = −2.03, P = .04] and age of beginning to smoke regularly [M age = 21.6 vs. 18.9; t(57.6) = −2.50, P = .015, equal variance not assumed]. Table 2 provides the distribution of adults in each smoking category among African Americans and whites. Providing further support for our hypothesis of race-based differences in smoking onset, chi-square analyses indicated a relation between smoking category and race (χ 2 = 15.9, P = .001). African Americans, compared to whites, had a lower prevalence of quitters and early-onset smokers, but a higher prevalence of late-onset smokers (19.5% of all African Americans vs. 12.8% of all whites). Subsequent analyses indicated that although African Americans, compared to whites, had a somewhat lower prevalence of ever-regular-smoking, the difference was not statistically significant (P = .14). Among all African American ever-regular-smokers, 66% were late-onset, whereas among all white ever-regular-smokers, 60% were late-onset. Among all African American current smokers, 75% were late-onset, whereas among all white current smokers, 58% were late-onset.
Hypothesis 2: Cessation Rates
When examining ever-regular-smokers who had been late-onset, we found quitting prevalence was much lower among African Americans than whites (33.3% vs. 57.2%; χ 2 = 13.9, P < .001). The same was not true for early-onset smokers: When examining ever-regularsmokers who had been early-onset, we found no difference in quitting prevalence between African Americans and whites (56.3% vs. 52.0%; χ 2 = 0.2, P = .64). A similar effect was found using a logistic regression to predict quit status among African American and white ever-regular-smokers: There was a significant Race × Periodof-Onset interaction (P = .003), such that quit rates were particularly low among late-onset African Americans (this analysis controlled for age and gender).
This low rate of cessation among late-onset African Americans does not appear to be due to group-based differences in smoking heaviness. Specifically, in a Race × Period-of-onset analysis of variance predicting maximum packs/d among current smokers, packs/d was, in fact, significantly greater among early-onset smokers, compared to late-onset smokers [F(1, 622) = 28.3, P < .001], and marginally greater among white, compared to African American smokers [F(1, 622) = 3.5, P = .06].
Hypothesis 3: Characterizing Late-Onset African American Smokers
Among white current-smokers, education (our proxy for SES) was lower among early-compared to late-onset smokers (χ 2 = 15.7, P < .001); however, there was no significant education difference among African American early-and late-onset smokers (P > .63). Likewise, among white current-smokers, women were less likely to be early-compared to late-onset smokers (χ 2 = 17.4, P < .001); however, there was no gender difference among African American early-and late-onset smokers (P > .27). Among current smokers, marital and parental status did not vary significantly by period-ofonset for either race.
Nearly 15% of the sample reported poor health at T2. As shown in Table 2 , morbidity was more prevalent among non-smokers than smokers. For both races, morbidity rates were higher among lateonset smokers, compared to early-onset smokers.
When examining the mortality sample, rates of mortality between T1 and T2 (for all races/ethnicities) were lowest among nonusers (5.3%), followed by quitters (10.4%), late-onset smokers Low education = high school or less; high education = some college or more.
(13.8%) and early-onset smokers (16.2%). A one-way analysis of variance on age-of-death (conditional on dying during the study period) revealed a similar pattern: There was a main effect of smoking category [F(3, 431) = 7.15, P < .001], and Games-Howell post hoc comparisons indicated that nonusers and quitters lived significantly longer than early-onset smokers (Ps ≤ .02) and quitters lived significantly longer than late-onset smokers (P = .04, see Figure 1 for outcomes among whites and African Americans only).
A Kaplan-Meier analysis (which accounts for right-censored cases) also indicated a significant group-based difference in survival times (Log Rank χ 2 = 206.3, df = 3, P < .001); nonusers lived the longest, followed by quitters, late-onset smokers, and early-onset smokers, respectively.
For the survival analysis, the main effects model indicated that the mortality hazard for an early-onset smoker was 1.5 times that of a late-onset smoker (P = .009). Race and SES had no significant effects in the main-effects model, and the Race × Period-of-Onset interaction was not significant (P > .6). As expected, there was a significant Race × Period-of-Onset × SES effect (P = .01); in this full model, the effect of SES was significant (see Table 3 ). Simple effects analyses allowed us to test the effect of Period-of-Onset for each combination of Race and SES (operationalized as Education; see Table 3 ). Findings indicated that among the white, low-SES group, the mortality hazard for an early-onset smoker was 2.5 times that of a late-onset smoker (P < .001). There were no differences in hazard rates between early-and late-onset smokers for the other groups. Thus, there was no evidence that a later age-of-onset was protective for African American smokers.
Discussion
Consistent with previous findings, our results indicate a later average smoking age-of-onset among African Americans, compared to whites. This finding appeared for both age of first cigarette (16.9 vs. 15.6) and age of beginning to smoke regularly (21.6 vs. 18.9). Lateonset African Americans also had the lowest cessation rates. Indeed, the cessation rates for all other groups of ever-smokers (early-onset African Americans and early-and late-onset whites) ranged from 52% to 57%; however, the cessation rate was only 33% for lateonset African Americans. This finding is consistent with recent work 6 suggesting that, among African-Americans, persistence of smoking increases with increasing age-of-onset. Our data suggest this difference in cessation rates is not due to differences in the heaviness of smoking; future research will need to investigate both physiological and psychosocial factors that may contribute to the pattern. For example, dependence was not assessed in MIDUS, but is likely an important factor. Likewise, our finding that poor health is more common among white quitters than among African American quitters suggests that whites who become sick may be more likely to quit in response.
Finally, results showed that across SES levels, hazard rates for mortality did not differ among early-versus late-onset African American smokers. It should also be noted that among white, high-SES individuals, the mortality hazards also did not differ between early-versus late-onset smokers. In contrast, among white, low-SES individuals, the mortality hazard for an early-onset smoker was 2.5 times that of a late-onset smoker. Accordingly, although a late (vs. early) age of smoking onset may be protective for whites (in terms of cessation and age-of-mortality), there is some evidence that late onset is not particularly beneficial for African Americans. Overall, findings from this study are consistent with previous work, 4,9 which suggests that different lifecourse patterns of cigarette use among whites and African Americans may contribute to America's racial differences in health. 
Strengths and Limitations
By using the MIDUS dataset, we were able to track smoking over the entire adult lifecourse; this allowed us to differentiate a truly lateonset smoking group, to identify quitters and never-regular-smokers, and also to examine a sizeable proportion of mortality outcomes. Another strength of this study is that it examined early-and lateonset smoking separately for each race, which prevented race and period-of-onset from being confounded. Likewise, mortality analyses examined interactions with SES, which prevented race and SES from being confounded. Findings were limited by the self-report nature of MIDUS (although prior work suggests retrospective reports of age-of-onset are highly reliable 39 ). MIDUS also assessed regular smoking in terms of smoking at least a few cigarettes every day, which excluded light and intermittent smokers. As African Americans are more likely than whites to be intermitent and light daily smokers, 40 there was likely greater imprecision in the results for African American smokers; this is yet another area where future research should better appreciate racial/ethnic differences in smoking.
Power was low for some of the interactions (eg, there were few African American early-onset smokers and African American high-SES smokers), and so these analyses should be replicated with larger samples. Likewise, as attrition was greater among African Americans and early-onset smokers, some effects may be under/overestimated. Larger samples would also allow for analyses that stratify by age. Additionally, this study was limited by having only two time points of assessment. Future research should use data with multiple time points to examine smoking trajectories with advanced analytical approaches.
Moving Forward
The present study provides further evidence that African American late-onset smoking merits concerted attention. Not only is there a substantial proportion of African Americans who demonstrate lateonset smoking (here, 19.5% of all African Americans and 75% of all African American current smokers), but delaying onset does not appear to afford any cessation or longevity benefits for African Americans. Smoking initiation during the late teens and early adulthood is also an important public health issue because these ages coincide with the peak childbearing and child-rearing ages. 8 The present results suggest prevention and intervention efforts need to consider individual groups (not just overall averages) and tobacco control efforts need to be targeted beyond the teenage years. For instance, one suggested US tobacco policy is to raise the minimum age for legal access to cigarettes from 18 to 21; analyses on the impact of such policies need to consider race, to test whether they are more effective among whites than other racial/ethnic groups, with the potential consequence of widening tobacco-related health disparities. As population-level approaches have at times exacerbated health disparities, 41 answering this question is important. Likewise, developing and pursuing policies that have a pro-equity approach is critical; for example, restricting marketing at the external point of sale and banning tobacco advertising around schools may be equitable approaches. 42, 43 Prevention/intervention efforts that are culturally appropriate and targeted should also be used to reduce onset and persistence of smoking among African Americans.
More research is also needed to better understand the links between tobacco use, late-onset smoking and racial health disparities, including the risk and protective factors. It is also important to mention that late-onset smoking is not unique to African Americans, but is demonstrated by other racial/ethnic groups as well-notably, 
